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Abstract
Early alcohol, tobacco and drug use prior to 18 years old are comorbid and correlated. This study 
included 6,239 adults with major depressive disorder (MDD) in the past year and 72,010 controls 
from the combined data of 2013 and 2014 National Survey on Drug Use and Health (NSDUH). To 
deal with multicollinearity existing among 17 variables related to early alcohol, tobacco and drug 
use prior to 18 years old, we used principal component analysis (PCA) to infer PC scores and then 
use weighted multiple logistic regression analyses to estimate the associations of potential factors 
and PC scores with MDD. The odds ratios (ORs) with 95% confidence intervals (CIs) were 
estimated. The overall prevalence of MDD was 6.7%. The first four PCs could explain 57% of the 
total variance. Weighted multiple logistic regression showed that PC1 (a measure of 
psychotherapeutic drugs and illicit drugs other than marijuana use), PC2 (a measure of cocaine and 
hallucinogens), PC3 (a measure of early alcohol, cigarettes, and marijuana use), and PC4 (a 
measure of cigar, smokeless tobacco use and illicit drugs use) revealed significant associations 
with MDD (OR = 1.12, 95% CI = 1.08–1.16, OR = 1.08, 95% CI = 1.04–1.12, OR = 1.13, 95% CI 
= 1.07–1.18, and OR = 1.15, 95% CI = 1.09–1.21, respectively). In conclusion, PCA can be used 
to reduce the indicators in complex survey data. Early alcohol, tobacco and drug use prior to 18 
years old were found to be associated with increased odds of adult MDD.
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1. Introduction
Major depressive disorder (MDD), also known as depression, is one of the most common 
mental disorders in the United States (US). It significantly affects a person’s family and 
personal relationships, work or school life, sleeping and eating habits, and general health. 
Based on the data from the National Health and Nutrition Examination Survey (NHANES) 
from 2009 to 2012, 7.6% of Americans ages 12 and over had depression (classified as 
moderate or severe depressive symptoms in the past 2 weeks) (Pratt and Brody, 2014). The 
National Institute of Mental Health has estimated that 16.1 million adults (6.7% of the US 
adult population) aged 18 years or older had reported at least one major depressive episode 
in the past year (NIMH, 2015); while the economic burden of depression in the US was 
estimated to be $210.5 billion in 2010 (Greenberg et al., 2015).
Previous studies have shown that several behavioral factors have been associated with 
depression including alcohol use and alcohol use disorder (Gilman and Abraham, 2001; 
Hasin and Grant, 2002; Sullivan et al., 2005; Boden and Fergusson, 2011; Kinyanda et al., 
2011; Mugisha et al., 2015), and smoking and nicotine dependence (Glassman et al., 1990; 
Breslau et al., 1991; Kendler et al., 1993; Husky et al., 2008). Furthermore, MDD is highly 
comorbid with substance use disorders (SUDs) (Merikangas et al., 1998; Grant et al., 2016; 
Han et al., 2017) including alcohol and marijuana abuse/dependence (Greenbaum et al., 
1991; Grant and Harford, 1995; Miguel-Hidalgo et al., 2010), opioid abuse (Brooner et al., 
1997), and nicotine dependence (Cardenas et al., 2002; Chou et al., 2016; Huang et al., 
2017; Martínez-Ortega et al., 2017).
Few studies have focused on the early alcohol, smoking and drug use on MDD. For 
example, tobacco use in late adolescence may predict MDD in the early 20s (Brook et al., 
1998); while early onset of regular tobacco use is a predictor for lifetime drug use and 
depressive disorders (Hanna and Grant, 1999). Using a community-based longitudinal 
design, it has been shown that the cumulative frequency of drug use (alcohol, marijuana, and 
other illegal drugs) covering the period of childhood and early adolescence, middle and late 
adolescence increases the risk of later MDD, alcohol dependence, and SUDs; while 
marijuana use and the use of other illicit drugs increase the risk of later MDD, alcohol 
dependence, and SUDs (Brook et al., 2002). Another longitudinal data suggested that 
smoking increases the risk for MDD in women (Pasco et al., 2008). In addition, current 
smoking but not current smokeless tobacco use among adolescents and adults is associated 
with MDD using the NSDUH 2011 data (Redner et al., 2014). Another study showed that 
early-onset cannabis smokers had an increased risk of depression (Fairman and Anthony, 
2012). Furthermore, adolescent alcohol use is positively associated with later depression in a 
population-based U.K. cohort (Edwards et al., 2014). Boden and Fergusson (2011) also 
concluded that increasing involvement with alcohol increases the risk of MDD. A recent 
study reported that the volume of drinking, age of first drink, binge drinking, and alcohol 
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dependence were associated with MDD using the 2010–2012 National Survey on Drug Use 
and Health (NSDUH) data (Jetelina et al., 2016; Wagner, 2016).
The NSDUH is a nationally representative survey that is conducted annually to assess the 
prevalence and correlations of drug use in the US for the population aged 12 years and older. 
The 2013 and 2014 NSDUH data provided 17 early alcohol, tobacco and drug use variables 
prior to 18 years; whereas these variables may be intercorrelated. Principal component 
analysis (PCA) can transform the set of correlated variables into a reduced number of 
uncorrelated variables known as principal components (PCs) or factors and then overcome 
the disturbance of the multicollinearity of the risk factors. PCA has been vastly used in 
social sciences, health service, and health sciences research (Lattin et al., 2002; Navarro et 
al. 2011; O’Rourke and Larry Hatcher, 2013; Jackson et al., 2015; Wang et al., 2017). 
Previous studies suggest that PCA is suitable for use with continuous and/or binary variables 
(Filmer and Pritchett, 2001; Howe and Hargreaves, 2008; Kolenikov and Angeles 2009; 
O’Rourke and Larry Hatcher, 2013; Jackson et al., 2015). To our updated knowledge, this is 
the first study to examine the factor structure of early alcohol, drug and tobacco use prior to 
18 years of age using PCA and the associations of these factors with MDD using the 
NSDUH data.
2. Materials and Methods
2.1. Study population
Data were extracted from the 2013 and 2014 NSDUH data. The NSDUH is conducted by the 
Substance Abuse and Mental Health Services Administration of the United States 
Department of Health and Human Services. The NSDUH is a survey of the civilian non-
institutionalized individuals (≥12 years old) in the U.S. to provide annual population 
estimates of substance use and health. By employing a multistage area probability sampling 
of the 50 states and the District of Columbia, we obtain a representative sample of all 
civilian non-institutionalized individuals who are ≥12 years old and response the survey 
items. The NSDUH measures the prevalence and correlations of drug use in the U.S. 
quarterly and annually. Information from the survey contains data on the use of illicit drugs 
(e.g., marijuana, cocaine, hallucinogens, heroin, and inhalants), alcohol and tobacco, and 
nonmedical use of prescription drugs (e.g., pain relievers, tranquilizers, and sedatives). The 
survey included questions from the Diagnostic and Statistical Manual (DSM) of Mental 
Disorders along with substance abuse treatment history and perceived need for treatment. 
Respondents in the age group of 12 −17 years were also asked of any illegal activities, 
neighborhood environment, and drug use by friends, etc. The background information of the 
respondents included gender, race/ethnicity, age, marital status, educational level, job and 
veteran statuses, and current household composition. Details of the survey design and data 
collection methods are published elsewhere (Center for Behavioral Health Statistics and 
Quality 2014, 2015). The total sample size of the combined 2013–2014 NSDUH data is 
110,431. The current analysis was restricted to participants aged 18 years and older. There 
was an Institutional Review Board exemption due to secondary data analysis.
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2.2.1. Major depressive disorder—MDD in the NSDUH 2013–20414 data was 
determined based on the DSM-IV (American Psychiatric Association, 1994). Respondents 
were classified as experiencing MDD in the past year if they (a) reported meeting at least 
five of nine criteria within a two-week period at any point in their lifetime (i.e., depressed 
mood, diminished pleasure, weight gain/loss, fatigue, sleep changes, psychomotor distress, 
feelings of worthlessness, difficulty concentrating, or recurrent thoughts of suicide/death), 
one of which must have been either depressed mood or diminished pleasure, and (b) 
answered affirmatively to a question that queried whether they felt a depressed mood or 
diminished pleasure (in addition to other symptoms the respondent affirmed) for at least two 
weeks within the past year. A total of 6,239 adults with MDD and 72,010 controls were 
selected from the combined 2013 and 2014 NSDUH data.
2.2.2 Social-demographic factors—Gender was self-reported as male or female. Age 
was classified into four categories: 18–25 years, 26–49 years, 50–64 years and 65+ years. 
Race consisted of five subgroups: Whites, African American (AA), Asian, Hispanic, and 
Other. There were three categories of marriage status: married; widowed/divorced/separated, 
and never been married. The four categories of annual income were: <$20,000, $20,000-
$49,999, $50,000-$74,999 and $75,000 or more. Health status had 4 levels: excellent, very 
good, good and fair/poor. Educational level was classified into < high School, high school, 
some college and college graduate. There were three levels of county type: large metro, 
small metro and non-metro according to the revised definitions of metropolitan statistical 
areas (MSAs) by the Office of Management and Budget (OMB) (Office of Management and 
Budget, 2003, Bulletin No. 03–04). Large metropolitan areas were defined to have a 
population of at least 1 million, small metropolitan areas have a population fewer than 1 
million, and non-metropolitan areas fell outside MSAs.
2.2.3. Substance use disorders in the past year—Nicotine dependence was 
defined as the average score over 17 questions pertaining to five aspects of dependence 
which based on the dependence criteria according to the Nicotine Dependence Syndrome 
Scale (NDSS). This average score was only computed for those respondents who answered 
all 17 questions (Shiffman et al., 2004). Based on the NDSS score, a respondent was defined 
as having nicotine dependence if their average score was greater than or equal to 2.75. Illicit 
drug or alcohol abuse or dependence in the past year was defined by being dependent on any 
illicit drug or alcohol in the past year or illicit drug or alcohol abuse in the past year. Illicit 
drug abuse is defined as abusing any of the following substances: marijuana, hallucinogens, 
inhalants, tranquilizers, cocaine, heroin, pain relievers, stimulants, or sedatives. Illicit drug 
dependence was classified as being dependent on any of these following substances: 
marijuana, hallucinogens, inhalants, tranquilizers, cocaine, heroin, pain relievers, stimulants, 
or sedatives.
2.2.4. Early alcohol, drug and tobacco use prior to 18 years old—Seventeen 
variables about early alcohol, drug and tobacco use are listed in Table 2. These variables 
were defined by “first used the drug prior to age 18”, each of them had 2 levels (yes or no).
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2.3.1. Descriptive statistics and prevalence—The PROC CROSSTAB in SAS-
Callable SUDAAN 11 (Research Triangle Institute, USA), which uses Taylor Series 
Linearization to account for the weighting of the data and the complex survey sampling 
strategy, was used to weight and estimate population proportions of MDD. The overall 
prevalence and prevalence for potential factors were estimated. The Chi-square test was used 
to compare the prevalence of MDD across age groups, gender, race, and other factors.
2.3.2. Principal component analysis—Using ordinal and dichotomous indicators is a 
very common practice in social sciences and health sciences. Based on a previous suggestion 
(Muthén and Muthén, 2000), a polychoric correlation was created instead of Pearson’s 
correlations for the categorical variable in PCA. A polychoric correlation and Pearson’s 
correlation were calculated using PROC CORR for PCA; while PCA was performed with 
PROC FACTOR with SAS statistical software. An eigenvalue reflects the amount of 
variance captured by a given PC. The eigenvalue-one criterion (eigenvalue ≥ 1) is used to 
decide how many PCs to be retained (Kaiser, 1960, Stevens, 2002). A factor loading of one 
independent variable is considered as large if its absolute value exceeds 0.45.
2.3.3. Weighted logistic regression analysis—SAS PROC SURVEYLOGISTIC 
was used to estimate the odds ratios (ORs) and 95% confidence intervals (CIs) for the 
association between potential factors and MDD. Two models were conducted. In model one, 
univariate logistic regression was used to examine the role of each potential risk factor 
including PC scores in MDD; then multiple logistic regression was used to adjust for all 
potential risk factors including PC scores of MDD.
The PCA and logistic regression analyses were performed using SAS statistical software, 
version 9.4 (SAS Institute, Cary, NC, USA).
3. Results
3.1. Prevalence of major depression disorder
The prevalence of MDD in the past year is listed in Table 1. The overall prevalence of MDD 
was 6.7% (5.1% for males and 8.3% for females). The prevalence decreased with age (9.2%, 
7.4%, 7.1% and 2.8% for age groups 18–25, 26–49, 50–64 and 65+, respectively). Whites 
(7.4%) had higher prevalence than AAs (5.0%), Asian (4.2%), and Hispanics (5.8%). The 
prevalence of MDD was higher in nicotine dependence and illicit drug or alcohol abuse/
dependence than without these conditions (14.2% vs. 6.0% and 16.8% vs. 5.8%, 
respectively).
3.2. Weighted logistic regression analyses of early alcohol, tobacco and drug use
The results of univariate and multiple logistic regression analyses of early alcohol, tobacco 
and drug use are presented in Table 2. The univariate weighted logistic regression analysis 
showed that a total of 14 risk factors were positively associated with MDD (p<0.05). 
Alcohol use was negatively associated with MDD; whereas smokeless tobacco and 
cigarettes use did not show any association with MDD. However, after adjusted for social 
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demographic factors, nicotine dependence, illicit drug or alcohol abuse or dependence, as 
well as other early use factors (prior to age 18 years), only early cigar use, inhalants use, and 
marijuana use were associated with patients with MDD (OR = 1.22, 95% CI = 1.08–1.37; 
OR = 1.35, 95% CI = 1.11–1.65; and OR = 1.40, 95% CI = 1.27–1.55, respectively).
3.3. Principal component analysis of early alcohol, tobacco and drug use
There were 17 early alcohol, tobacco and drug use factors that had significantly positive 
correlations using both polychoric correlation and Pearson correlation (p<0.0001) (data not 
shown). The eigenvalues of the first 4 PCs were 5.2578, 1.7899, 1.3707 and 1.2289, 
respectively and the proportions of variation explained by these 4 PCs were 30.93%, 
10.53%, 8.06% and 7.23%, respectively (Table 3). The first four PCs explained about 57% 
of total variation. The rotated factor patterns of the first 4 PCs are presented in Table 4. In 
terms of loading score, the PC1 can be viewed as a measure of psychotherapeutic drugs and 
illicit drugs other than marijuana use (including pain relievers, tranquilizer, stimulant and 
any psychotherapeutics use). PC2 can be viewed as a measure of cocaine and hallucinogens 
including lysergic acid diethylamide (LSD) and ecstasy. PC3 is about a measure of early 
alcohol, cigarettes, marijuana. PC4 is a measure of cigar, smokeless tobacco use and illicit 
drugs use.
3.4. Weighted logistic regression analyses of PC scores
The results of univariate and multiple logistic regression analyses of independent factors 
including the first 4 PCs are presented in Table 5. By using univariate analysis, all factors 
except for county type were associated with MDD (p<0.05). After adjusting for other 
factors, PC1, PC2, PC3 and PC4 revealed significant associations with MDD (OR = 1.12, 
95% CI = 1.08–1.16, OR = 1.08, 95% CI = 1.04–1.12, OR = 1.13, 95% CI = 1.07–1.18, and 
OR = 1.15, 95% CI = 1.09–1.21, respectively).
4. Discussion
This original study was aimed to examine the factor structure of early alcohol, tobacco and 
drug use prior to 18 years old using PCA and the associations of these factors with MDD. 
The PCA analysis generated four PCs or factors which could explain 57% of total variances 
about 17 early alcohol, tobacco and drug use variables. Weighted multiple logistic regression 
showed that gender, racial groups, marital status, education, income, and general health were 
associated with MDD. After adjusting for other potential confounding factors, PC1, PC2, 
PC3 and PC4 for early alcohol, tobacco and drug use revealed significant associations with 
MDD.
The overall prevalence of MDD in the past year was 6.7% in U.S. adults, which is consistent 
with the results based on the 2009–2012 NHANES data (Pratt and Brody, 2014). This 
prevalence is slightly lower than the prevalence of 8.1% found by Kinyanda et al (2011); it 
worth noting that their study population is consisting specifically of HIV patients, which 
accounts for their higher value. The present results further added that the prevalence of 
MDD decreased with age (9.2%, 7.4%, 7.1% and 2.8% for age groups 18–25, 26–49, 50–64 
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and 65+, respectively), which are similar to the results that the 12-month MDD from adults 
aged 55 years and older were 4.1% (2.1% for 65–74 and 5.5% for 75+) (Aranda et al., 2012).
Being consistent with the findings in the previous studies, our results (Table 5) showed the 
adjusted OR of illicit drug or alcohol abuse or dependence with MDD was 2.32 (95% 
CI=2.05–2.63), suggesting that alcohol use disorder or illicit drug dependence was 
associated with depression (Greenbaum et al., 1991; Grant and Harford, 1995; Brooner et 
al., 1997; Merikangas et al., 1998; Gilman and Abraham, 2001; Hasin and Grant, 2002; 
Sullivan et al., 2005; Miguel-Hidalgo et al., 2010; Boden and Fergusson, 2011; Grant et al., 
2016; Han et al., 2017). For example, 12-month DSM-V drug use disorder (DUD) was 
found to be significantly associated with MDD (OR=1.3; 95%CI=1.09–1.64) (Grant et al., 
2016). Furthermore, our results showed the adjusted OR of nicotine dependence in the past 
year with MDD was 1.25 (95%CI=1.11–1.41), which is consistent with the relationship of 
smoking and nicotine dependence with depression (Glassman et al., 1990; Breslau et al., 
1991; Kendler et al., 1993; Cardenas et al., 2002; Husky et al., 2008; Chou et al., 2016; 
Martínez-Ortega et al., 2017). Moreover, Chou et al (2016) found that the 12-month severe 
DSM-V nicotine use disorder was generally associated with major depressive, bipolar 
disorder I, bipolar disorder II, panic, generalized anxiety, posttraumatic stress, and 
schizotypal, borderline, and antisocial personality disorders (ORs = 1.3–2.5). In addition, it 
has been suggested that MDD may be a confounder for the relationship between alcohol use 
disorder and drinking volume (Baggio et al., 2015). In this current study, we focused on the 
effects of early alcohol, tobacco and drug use (prior to 18 years old) on adult MDD and we 
adjusted 12-month nicotine dependence and illicit drug or alcohol abuse or dependence as 
co-variates.
It is clear that smoking, alcohol and drug use are associated with mental problems such as 
MDD. It has been previously reported that alcohol and drug use, smoking and nicotine use 
were positively associated with mental health problems such as depression and anxiety 
(Boden and Fergusson, 2011; Emre et al., 2014; Brown et al., 2015; Fink et al., 2015; 
Steinberg et al., 2015). However, studies focused on the early alcohol, smoking and drug use 
on MDD are lacking. For example, previous studies reported that smoking and tobacco use, 
drug use in child or in adolescence increased the risks of later MDD (Brook et al., 1998; 
Hanna and Grant, 1999; Brook et al., 2002; Pasco et al., 2008; Fairman and Anthony, 2012; 
Edwards et al., 2014). Using the NSDUH 2011 data, Redner et al. (2014) found current 
smoking but not current smokeless tobacco use among adolescents and adults was associated 
with MDD. Recently, the volume of drinking, age at first drink, binge drinking, and alcohol 
dependence were associated with MDD using the 2010–2012 NSDUH data (Jetelina et al., 
2016; Wagner, 2016). To the best of our knowledge, our present-day study is the first attempt 
to examine the factor structure of early alcohol, tobacco and drug use prior to 18 years old 
using PCA and the associations of these factors with the 12-month MDD.
Univariate logistic regression analysis showed that 14 early alcohol, tobacco and drug use 
factors were positively associated with MDD (p<0.0001), whereas alcohol use was 
negatively associated with MDD and smokeless tobacco and cigarettes use did not show any 
association with MDD (Table 2). However, after adjusted for demographic factors and other 
alcohol, tobacco and drug use, only early cigar use, inhalants use, and marijuana use were 
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associated with MDD (Table 2), which suggested that these factors may be correlated and 
may together influence the development of MDD. Then we performed correlation analysis 
and found that there were significantly positive correlations of 17 factors regarding early 
alcohol, tobacco and drug use using both polychoric- and Pearson- correlation (p<0.0001). 
To deal with multicollinearity of these early alcohol, tobacco and drug use variables, we 
conducted PCA and found the eigenvalues of the first 4 PCs were larger than unity and the 
first four PCs explained about 57% of total variation. PC1 can be viewed as a measure of 
psychotherapeutic drugs and illicit drugs other than marijuana use (including pain relievers, 
tranquilizer, stimulant and any psychotherapeutics use). PC2 can be viewed as a measure of 
cocaine and hallucinogens ((including LSD, also called “acid”, and ecstasy). PC3 is about a 
measure of early alcohol, cigarettes, marijuana. PC4 is a measure of cigar, smokeless 
tobacco use and illicit drugs use. On the one hand, our results also showed that early alcohol 
and drug use were comorbid; on the other hand, these factors work together on the 
development of adult MDD. However, early alcohol use was negatively associated with 
MDD in the univariate logistic regression analysis (Table 2); whereas, the effect is weaker 
(OR=0.88) compared with most other drug use factors (14 factors with ORs ranged from 
1.40 to 2.65). Furthermore, PC3 was considered as a measure of early alcohol, cigarettes, 
marijuana; whereas the loading of alcohol use is low (0.48). In addition, illicit drug or 
alcohol abuse or dependence were positively associated with MDD (Table 5). Our results 
revealed that the effect of early alcohol use on MDD is weak; whereas the effect of alcohol 
use on MDD may depend on the alcohol use amount and intensity. Two specific studies on 
the use of marijuana or cannabis (Fairman and Anthony, 2012) and other illicit drugs (Han et 
al., 2010) showed results of higher prevalence of MDD for white females with college 
education, low income, and being single or widowed. The Fairman and Anthony (2012) 
focused more on the early onset cannabis use and also on the years of use categorized into 
less than 1 year, 1–10 years and more than 11 years; whereas the use of cannabis for less 
than 11 years did not show significant increase in OR in their study population.
There are several important strengths in this study. First, the NSDUH data is a nationally 
representative population-based survey, with large sample size, comprehensive information 
for state- and local-level data that have increased the validity of our study. In this study, we 
used the combined data from NSDUH years 2013–2014. We updated the national prevalence 
of MDD estimates using a nationally representative sample of U.S. adults; while a large 
sample size of subjects was widely selected at random with comprehensive information for 
the wide age range on drug uses characteristics, which allows us to adjust for numerous 
factors. Second, this is the first study to examine the factor structure of early alcohol, 
tobacco and drug use prior to 18 years old using PCA and found a 4 factor-solution for 17 
variables. Third, we inferred PC scores (factor scores) and then used weighted logistic 
regression analyses to estimate the associations of potential factors and PC scores with 
MDD. The PCA is an effective method to reduce the dimensionality of multivariate data, 
which can transform the set of correlated variables into a reduced number of uncorrelated 
variables known as principal components (PCs). The PCs may then be used as predictors in 
subsequent analysis such as multiple regression (e.g., Lattin et al., 2002; O’Rourke and 
Larry Hatcher, 2013; Wang et al., 2017). Latent class analysis (LCA) is a statistical method 
for identifying unmeasured groups/latent classes of subjects by using categorical and/or 
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continuous observed variables (e.g., McCutcheon, 1987; Clogg, 1995) and within each latent 
class, the observed variables are statistically independent. The LCA is a subset of structural 
equation modeling (SEM), which invokes a measurement model that defines latent variables 
using one or more observed variables, and a structural model that imputes relationships 
between latent variables (e.g., Bollen, 1989; Kaplan, 2000; Yung, 2010; O’Rourke and Larry 
Hatcher, 2013). A number of previous studies suggested that it would be promising to 
combine LCA with PCA (Sotres-Alvarez et al., 2010; Costa et al. 2013); while another study 
found that both methods showed high agreement, but LCA is a complicated method while 
PCA is a simple method and seems to be an acceptable method of the analysis because of its 
simplicity (Sartipi et al. 2016). In addition, PCA has been used to generate PCs/factor 
scores, which then can be used for SEM (e.g., Voineskos et al. 2010; Yeh et al., 2010; Morris 
and Shakespeare-Finch, 2011; Ajayi et al. 2017). In addition, we adjusted for nicotine 
dependence and illicit drug or alcohol abuse or dependence in the past year as co-variates, 
which are comorbid with MDD.
Several limitations need to be acknowledged. First, a cross-sectional design cannot 
determine the causal relationships between these potential factors and MDD. However, we 
reported the results between early alcohol, tobacco and drug use prior to 18 years old and 
adult MDD, which may suggest the temporal relationship between risk factors and MDD. 
Second, the NSDUH data were collected by self-reported data on substance use and health 
conditions, making responses prone to social desirability bias and recall bias. However, 
previous study has shown that substance use reported by NSDUH respondents is generally 
valid (Harrison and Huges, 1997). Third, the information about the age at onset of MDD was 
unavailable in the NHDUH 2013–2014 data, thus we were not able to know whether the 
adult already had MDD prior to 18 years old or not.
In conclusion, using the latest combined 2013–2014 data from the NSDUH, we provided the 
prevalence of 12-month MDD and the correlates of early alcohol, tobacco and drug use. To 
the best of our knowledge, this is the first study to examine the factor structure of early 
alcohol, tobacco and drug use prior to 18 years old using PCA and the associations of these 
factors with MDD. Weighted multiple logistic regression showed that gender, racial groups, 
marital status, education, income, and general health were associated with MDD. After 
adjusting for other factors, the first 4 PCs for early alcohol, tobacco and drug use revealed 
significant associations with MDD. These findings highlighted the complex relationship 
among early alcohol, smoking and drug use factors and the complex effects of these factors 
on the MDD. The current findings also suggested that multivariate analysis such as PCA is 
one of the prospective methods to deal with correlated variables. In addition, these results 
highlight a need for interventions to simultaneously target alcohol, tobacco, and drug users.
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Table 1.
Prevalence of major depressive disorder (%)
Variable Total (N) MDD Prevalence (%) 95%CI p-value
Gender
 Male 36213 2058 5.1 4.7–5.4 <0.0001
 Female 42036 4181 8.3 7.9–8.7
Age group
 18–25 years 30841 2844 9.2 8.8–9.7 <0.0001
 26–49 years 32269 2531 7.4 7.0–7.9
 50–64 years 9202 689 7.1 6.5–7.6
 65+ years 5937 175 2.8 2.3–3.4
Race
 White 44238 4219 7.4 7.1–7.7 <0.0001
 AA 9640 579 5.0 4.4–5.6
 Asian 3222 194 4.2 3.2–5.2
 Hispanic 12728 846 5.8 5.2–6.6
 Other 4008 401 9.3 8.0–10.6
Marital status
 Married 30405 1599 4.5 4.2–4.9 <0.0001
 Widowed/Divorced/Separated 10399 1115 9.1 8.3–9.9
 Never Married 37445 3525 9.2 8.7–9.7
Income
  <$20,000 18717 2014 10.2 9.6–10.9 <0.0001
 20,000–49,999 25373 2031 6.8 6.4–7.3
 50,000–74,999 12512 878 6.4 5.8–7.0
 75,000+ 21647 1316 4.9 4.6–5.3
Education
 Less than high school 11119 879 6.7 5.9–7.4 <0.0001
 High school graduate 24102 1854 6.5 5.9–6.9
 Some college 23143 2126 7.9 7.4–8.4
 College graduate 19885 1380 5.6 5.5–6.5
County type
 Non-metro 16542 1348 7.3 6.7–8.01 0.1052
 Small metro 26972 2205 6.7 6.3–7.2
 Large metro 32049 2686 6.6 6.2–6.9
Health
 Excellent 18798 825 3.7 3.3–4.1 <0.0001
 Very good 30119 1995 5.1 4.7–5.5
 Good 20988 1975 7.3 6.7–7.9
 Fair/poor 7501 1228 13.6 12.5–14.8
Nicotine dependence
 No 70464 5093 6.0 5.8–6.3 <0.0001
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Variable Total (N) MDD Prevalence (%) 95%CI p-value
 Yes 7785 1146 14.2 13.1–15.3
Illicit drug or Alcohol abuse or dependence
 No 69175 4675 5.8 5.5–6.1 <0.0001
 Yes 9074 1564 16.8 15.5–18.1
Overall 78249 6239 6.7 6.5–7.0
Abbreviations: MDD = Major depressive disorder; AA=African American; CI= Confidence interval; p-value is based on χ2 test.
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Table 2.
Univariate and multiple logistic regression analyses for the relationship between early use factors (prior to age 
18yrs) and major depressive disorder.
Variable Crude OR 95%CI p-value Adjusted OR 95%CI p-value
Cigars use
 Yes 1.51 1.35–1.67 <0.0001 1.22 1.08–1.37 0.0015
Smokeless tobacco
 Yes 1.12 0.96–1.31 0.1553 0.87 0.73–1.04 0.1160
Cocaine use
 Yes 2.49 2.15–2.91 <0.0001 1.19 0.96–1.48 0.1180
Hallucinogens use
 Yes 2.35 2.06–2.69 <0.0001 1.20 0.90–1.60 0.2142
Lysergic acid diethylamide use
 Yes 2.25 1.90–2.66 <0.0001 0.90 0.68–1.18 0.4368
Ecstasy use
 Yes 2.41 2.01–2.88 <0.0001 0.77 0.58–1.03 0.0761
Inhalants use
 Yes 2.59 2.19–3.07 <0.0001 1.35 1.11–1.65 0.0030
Pain relievers use
 Yes 2.51 2.17–2.89 <0.0001 0.87 0.66–1.16 0.3425
Tranquilizers use
 Yes 2.56 2.19–2.99 <0.0001 0.84 0.64–1.11 0.226
Stimulants use
 Yes 2.72 2.28–3.24 <0.0001 0.96 0.71–1.28 0.759
Psychotherapeutics use
 Yes 2.65 2.36–2.98 <0.0001 1.43 0.98–2.09 0.0639
Illicit drugs use
 Yes 2.21 2.01–2.44 <0.0001 1.13 0.98–1.30 0.106
Illicit drugs other than marijuana
 Yes 2.50 2.26–2.77 <0.0001 1.07 0.85–1.35 0.578
Cigarettes use
 Yes 1.07 0.98–1.17 0.1124 0.97 0.88–1.07 0.5164
Cigarettes daily use
 Yes 1.40 1.28–1.53 <0.0001 1.01 0.90–1.12 0.9844
Alcohol use
 Yes 0.88 0.80–0.97 0.0077 1.01 0.90–1.12 0.9245
Marijuana use
 Yes 1.70 1.57–1.83 <0.0001 1.40 1.27–1.55 <0.0001
Abbreviations: OR= Odds ratio; CI= Confidence interval.













Wang et al. Page 17
Table 3.
Eigenvalues of first 7 principal components.
PC Eigenvalue Difference Proportion Cumulative
1 5.2578 3.4679 0.3093 0.3093
2 1.7899 0.4192 0.1053 0.4146
3 1.3707 0.1418 0.0806 0.4952
4 1.2289 0.2966 0.0723 0.5675
5 0.9323 0.0778 0.0548 0.6223
6 0.8545 0.0466 0.0503 0.6726
7 0.8078 0.0475 0.7201
PC: Principal component.
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Table 4.
Rotated factor pattern of 4 principal components.
Variable PC1 PC2 PC3 PC4
Cigars use 14 7 4 70*
Smokeless tobacco 4 7 5 72*
Cocaine use 27 58* −5 12
Hallucinogens use 20 88* 4 11
Lysergic acid diethylamide use 7 83* 1 6
Ecstasy use 24 60* −1 0
Inhalants use 22 42 0 31
Pain relievers use 85* 10 0 13
Tranquilizers use 69* 22 −3 5
Stimulants use 56* 30 −2 7
Psychotherapeutics use 93* 19 2 13
Illicit drugs use 36 30 32 49*
Other illicit drugs use 62* 55* 8 27
Cigarettes use −2 −6 75* −11
Cigarettes daily use 4 16 62* 13
Alcohol use −6 −16 48* −42
Marijuana use 0 −4 69* 20
PC: Principal component.
*
A factor loading of one independent variable is considered as large if its absolute value exceeds 0.45.
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Table 5.
Univariate and multiple logistic regression analyses of potential factors and principal components.
Variable Crude OR 95% CI p-value Adjusted OR 95% CI p-value
Gender (ref = Male)
 Female 1.69 1.53–1.85 <0.0001 2.02 1.82–2.24 <0.0001
Age group (ref = 65+ years)
 18–25 years 3.87 3.07–4.88 <0.0001 3.84 3.01–4.89 <0.0001
 26–49 years 2.97 2.35–3.76 <0.0001 3.32 2.61–4.21 <0.0001
 50–64 years 2.68 2.07–3.48 <0.0001 2.80 2.15–3.65 <0.0001
Race (ref = Whites)
 AA 0.67 0.59–0.77 <0.0001 0.52 0.45–0.60 <0.0001
 Asian 0.53 0.42–0.67 <0.0001 0.61 0.47–0.79 0.0002
 Hispanic 0.79 0.69–0.90 0.0003 0.70 0.60–0.82 <0.0001
 Other 1.25 1.06–1.48 0.0072 0.91 0.75–1.09 0.2987
Marital status (ref = Married)
 Widowed/Divorced/Separated 2.04 1.80–2.33 <0.0001 1.67 1.44–1.93 <0.0001
 Never 2.19 1.99–2.42 <0.0001 1.50 1.34–1.69 <0.0001
Education (ref = less than high school)
 High school graduate 0.97 0.84–1.13 0.7122 1.11 0.95–1.29 0.1779
 Some college 1.23 1.05–1.42 0.0082 1.45 1.22–1.71 <0.0001
 College graduate 0.92 0.79–1.07 0.2836 1.62 1.35–1.93 <0.0001
Income (ref = > 75,000)
 <20,000 2.05 1.84–2.29 <0.0001 1.40 1.22–1.62 <0.0001
 20,000–49,999 1.38 1.24–1.53 <0.0001 1.16 1.02–1.32 0.0272
 50,000–74,999 1.32 1.16–1.49 <0.0001 1.22 1.06–1.39 0.0052
County (ref = Large metro)
 Small metro 0.99 0.91–1.09 0.9508 0.92 0.83–1.02 0.0985
 Non-metro 1.11 0.99–1.25 0.0585 0.99 0.88–1.12 0.8700
Health (ref = Excellent)
 Very good 1.40 1.22–1.61 <0.0001 1.34 1.17–1.54 <0.0001
 Good 2.04 1.77–2.35 <0.0001 2.11 1.82–2.46 <0.0001
 fair/poor 4.09 3.46–4.83 <0.0001 4.86 4.09–5.79 <0.0001
Nicotine dependence (ref = No)
 Yes 2.53 2.27–2.81 <0.0001 1.25 1.11–1.41 0.0003
Illicit drug or alcohol use (ref = No)
 Yes 3.40 3.04–3.80 <0.0001 2.32 2.05–2.63 <0.0001
PC1 1.27 1.23–1.32 <0.0001 1.12 1.08–1.16 <0.0001
PC2 1.22 1.18–1.26 <0.0001 1.08 1.04–1.12 <0.0001
PC3 1.22 1.17–1.28 <0.0001 1.13 1.07–1.18 <0.0001
PC4 1.17 1.12–1.22 <0.0001 1.15 1.09–1.21 <0.0001
Abbreviations: AA = African American; PC: Principal component; OR = Odds ratio; CI = Confidence interval.
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